Prolonged stress has a negative impact on the central nervous system, resulting in the vulnerability to a wide range of mental health disorders. 76 healthy postpartum mothers were studied by means of functional magnetic resonance imaging within 6 days of childbirth. The subjects were required to perform the emotional Stroop task involving happy and anxious word-face combinations. Hair samples were collected to determine cumulative hair cortisol concentration (HCC) in the third trimester.
Introduction
Pregnancy and the postpartum period are marked by considerable changes in cortisol concentration, which is important for gestation, fetal development and parturition (I. D. Smith & Shearman, 1974; R. Smith, Mesiano, & McGrath, 2002) . During normal pregnancy, the placenta produces and releases corticotropin-releasing hormone (CRH) into the bloodstream, causing a dramatic rise in maternal cortisol levels (Mastorakos & Ilias, 2006) . In addition to the usual role of the hypothalamic-pituitary-adrenal (HPA) axis, which is embedded in a negative feedback loop to prevent further secretion of cortisol (e.g. Pariante & Lightman, 2008; Varghese & Brown, 2001) , the additional release of CRH by the placenta leads to a positive feedback loop, enabling an increase in cortisol over the course of pregnancy (Mastorakos & Ilias, 2006) .
While normal HPA axis activity is known to be guided by the medial prefrontal cortex (mPFC), the hippocampus and the amygdala impinging on one another to inhibit stress and anxiety responses (Chattarji, Tomar, Suvrathan, Ghosh, & Rahman, 2015) , there is ample evidence to suggest that hypersecretion of cortisol due to chronic, severe or prolonged stress leads to functional neural changes with opposing effects on the hippocampus, the mPFC and the amygdala (Chattarji et al., 2015; Lucassen et al., 2014) . These alterations trigger a dysregulation of the HPA axis with a cascade of subsequent deactivation patterns across a neural network including the posterior and anterior cingulate cortices (PCC, ACC), the striatum, and the insula (Pruessner et al., 2008) , culminating in dysfunctional emotion regulation and impaired cognitive functions (Hamilton, Farmer, Fogelman, & Gotlib, 2015;  Price & Drevets, 2012; Rigucci, Serafini, Pompili, Kotzalidis, & Tatarelli, 2010) .
Given that during pregnancy the placenta releases additional CRH into the blood system, a simultaneous dysregulation of the HPA axis owing to prolonged stress may render pregnant women more susceptible to neural alterations. Some longitudinal studies of the maternal brain have demonstrated that, during the postpartum period in healthy women, the brain undergoes changes leading to in-creased reactivity in the emotional circuits (Gingnell et al., 2015) and decreased prefrontal cortex reactivity during tasks requiring cognitive control (Bannbers et al., 2013) , while in behavioral study setups, both emotion regulation and cognitive control have been seen to be affected by perinatal and postpartum changes in cortisol levels (England-Mason et al., 2017; Henry & Sherwin, 2012) . To the best of our knowledge, the investigation of the relationship between neural changes and cortisol exposure in pregnant/postpartum women has never been the subject of research, reflecting our limited knowledge of the neural mechanisms involved in the postpartum period. To test both emotional and cognitive dysregularities, tasks involving emotional distractors, such as the emotional Stroop task, have proved useful in facilitating a clear understanding of the basic mechanisms of emotional interference in cognitive control. Variations of the emotional Stroop task have been used to examine stress response and the link between the psychosocial stress elicited by negative stimuli and increased salivary cortisol levels (Hänsel & Von Känel, 2013; Roelofs, Bakvis, Hermans, van Pelt, & van Honk, 2007; van Honk et al., 2000) . However, with respect to pregnancy and the postpartum period, there is still uncertainty as to the precise ways in which different CRH activities correlate with detrimental outcomes. A recent systematic review has unveiled inconsistencies in the available literature with respect to, for instance, the correlations between high/low cortisol plasma/salivary levels and depressive outcome during pregnancy and lengths of postpartum periods, which vary across studies (Seth, Lewis, & Galbally, 2016) .
The most salient factor contributing to these inconsistencies is the determination of cortisol levels by means of acute cortisol response (Seth et al., 2016) . Cortisol level measurement using plasma, salivary or urinary samples is highly dependent on the circadian rhythm or individual day-to-day variability and thus mirrors only the acute cortisol levels ). It has been suggested that the single cortisol measurement reflects only a situational context underlying the circadian rhythm and acute single stressors (Stalder et al., 2012) . Hair cortisol concentration (HCC) measurements, on the other hand, are a promising method to examine trait estimates of cortisol during an extended period of stress and thus analyze cumulative exposure to cortisol by eliminating the day-to-day variability. Not surprisingly, therefore, a fair amount of recent research has focused on the effect of long-term cortisol exposure on maternal psychopathology and hair cortisol concentration (HCC) in the first and third trimesters (e.g. Braig et al., 2016; Caparros-Gonzalez et al., 2017; Scharlau et al., 2017) .
In light of these observations, the overarching goal of the present work was to investigate the neural and behavioral responses of healthy postpartum women shortly after childbirth to the emotional Stroop task, and to associate the neural patterns with the cumulative cortisol exposure in the third trimester of pregnancy. Applying the emotional Stroop task to healthy postpartum women, we expected to see a link between the activation of regions responsible for emotional conflict regulation and the cumulative cortisol exposure during the last trimester of pregnancy (via HCC).
2 Methods and materials 2.1 Participants 76 healthy women were recruited at the Department of Gynecology and Obstetrics at the University Hospital Aachen within one to six days of childbirth from an ongoing longitudinal study. Women with current abuse of alcohol, drugs, psychotropic substances, antidepressant or antipsychotic medication during pregnancy, history of psychosis or manic episodes, a clinically significant depression during the pregnancy or intake of antidepressants during pregnancy were excluded from this study. Mothers of infants with genetic defects (e.g. trisomies), premature birth (less than 29 weeks of gestation) or very low birth weight (less than 1450g) were also excluded. Prior to inclusion in the study, written informed consent was obtained from each subject. The study protocol was in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the Medical Faculty, RWTH Aachen University. On the day of recruitment, anamnestic information (demographic information, information about the pregnancy, and individual and familial psychiatric history) was collected. Current depressive symptoms were assessed based on the Edinburgh Postnatal Depression Score (EPDS; Cox, Holden, & Sagovsky, 1987) , and a record of the number and nature of stressful life events was obtained via the Stressful Life Events Questionnaire (SLESQ; Goodman, Corcoran, Turner, Yuan, & Green, 1998) . For the fMRI measurement, an additional control for the corresponding exclusion criteria was assessed. The fMRI measurement was conducted within one to six days of childbirth depending on the day of recruitment. Prior to the measurement, women were asked to rate their current stress level on a 10-point Likert scale (1 = no feelings of stress, 10 = very stressful).
Hair collection and laboratory measurement of hair cortisol
In our sample, immediately after recruitment, a hair strand was cut with scissors close to the scalp from a posterior vertex position in order to assess cortisol release over the past three months (the third trimester). With the average hair growth deemed to be 1 cm/month (Wennig, 2000) , the first 3 cm of the hair segment (beginning with the hairline) was used to analyze the cortisol level of the third trimester. The strand was wrapped in tinfoil to prevent additional contamination and sent to the Institute of Occupational Medicine of the University Hospital RWTH Aachen for analysis by means of the automatized online SPE LC-MS-Method (Quinete, Bertram, Reska, Lang, & Kraus, 2015) .
For the SPE LC-MS 3 Method (Quinete et al., 2015) , hair is minced and washed with 2.5 mg isopropanol to remove contaminations and non-bloodborne cortisol coated on the surface of hair strands. After drying overnight at room temperature, internal standards cortisol-d 4 was added and the hair strands were incubated in 2 ml methanol. Samples were then centrifuged at 4500 rmp for 10 min and 500 µL of supernatant was transferred. Chromatographic separation was carried out on an LC system (Agilent Technologies1200 Infinity series) and the cleanup step prior to analytical separation by a Poroshell C18 by ESI-MS3. The mass spectrometry was performed with a Q-Trap 5500 mass spectrometer (ABSciex, Darmstadt, Germany), with a negative ionization mode at -4500 Volt. A detailed description of the chemical processes during the analyses with SPE LC-MS 3 and method validation is provided in Quinete et al. (2015) .
Emotional Stroop-task
The Stroop task is used to demonstrate the interference conflict and to show that trained actions are almost automatic, while unfamiliar actions require more attention. The behavioral interference (i.e. slowing down in the processing of semantically incongruous information) is observed insofar as attention resources are required to inhibit faster automatic responses (e.g. reading words) in favor of slower voluntary responses (e.g. naming colors) (Williams, Mathews, & MacLeod, 1996) .The emotional analogue of the Stroop task is often utilized to study psychiatric disorders (e.g. Chechko et al., 2012 Chechko et al., , 2013 Chechko et al., , 2016 by provoking interference through the semantic incompatibility between an emotional target (emotional face) and an emotional distractor (emotionally salient word), as the individual's current (mental) condition is reflected in a disproportionate reaction for negative (relevant to the own condition) compared to positive (irrelevant to the own condition) emotional stimuli (Williams et al., 1996) . Here, the less familiar task is the recognition of the facial expression, which has to be enhanced by suppressing the habitual response like reading. In the present study, the emotional Stroop-task was presented with Presentation software (Neurobehavioral Systems, San Francisco, USA) and was displayed on an MRI-compatible BOLDscreen, visible via a mirror mounted to the head coil, during fMRI scanning. The task consisted of 120 single trials with an emotional face in the background (happy or fearful expression) and the words "ANGST" or "GLÜCK" (German for "FEAR" and "HAPPINESS") printed across the face in capital bold red letters as distractors ( Figure 1 ). Depending on the word-emotion combinations, trials were categorized as congruent or incongruent and the number of word-emotion combination was counterbalanced across the whole run. Images of faces in normalized brightness were taken from the set used in Facial Emotions for Brain Activation (FEBA) test (Gur et al., 2002) and were put in standardized positions of the eyes and the mouth. In total, 26 different faces were used (13 happy faces [7 female], 13 fearful faces [7 female]). Each trial was presented for 1000ms with a subsequent varying interstimulus interval (ISI) of 3000-5000 ms. During ISI a fixation cross was shown. To avoid priming effects, direct repetitions of the same emotion-word-distractor combination were avoided. The participants were asked to identify the emotion of the target face, while ignoring the word, and pressing the index (happy face) or middle finger (fearful face), using the LUMItouch response system (LumiTouch, Photon Control, Burnaby, Ca nada). 
MRI data acquisition
Neuroimaging data were acquired using a 3T Prisma MR scanner (Siemens Medical Systems, Erlangen, Germany) located in the Medical Faculty RWTH Aachen University. Functional images were collected with an echo-planar imaging (EPI) T2*-weighted contrast sequence sensitive to blood-oxygenlevel-dependent (BOLD) contrast (voxel size: 3.0 x 3.0 x 3.0 mm 3 , 64 x 64 matrix, FoV: 192 x 192 mm 2 , 34 slices, whole brain acquisition, interleaved, gap 0.75 mm, TR = 2020 ms, TE = 28 ms, alpha = 77°).
T1-weighted structural images were acquired by means of a three-dimensional magnetization-prepared rapid acquisition gradient echo image (MPRAGE) sequence (voxel size: 1 × 1 × 1 mm, 256 x 256 matrix, FoV: 256 × 256 mm 2 , 176 slices, TR = 2300 ms, TE = 1.99 ms, alpha = 9°).
Analysis of behavioral data
During the fMRI experiment, reaction times (RT) of the given answers were collected, with wrong answers and omissions being excluded from the RT analysis. For accuracy calculation, all types of errors were considered. In order to assess the effect of the facial emotion or the distractor word, two separate repeated measures analyses of variance (ANOVA) were conducted. For a 2-way emotion x congruency repeated measures ANOVA, items were assigned to each level of the factors emotional face (happy or sad face) and congruency (congruent or incongruent). For a 2-way distractor word x congruency, items were assigned to each level of the distractor word ("ANGST" or "GLUECK") and congruency (congruent or incongruent). An additional 2-way target/distractor x emotion repeated measures ANOVA with the levels target or distractor and emotion (happy or anxious) was conducted in order to assess the task-distractor interaction.
The interference effect is defined as the difference of RT (or accuracy) in incongruent trials vs. congruent trials.
FMRI data analysis
Image preprocessing: Images were processed using the Statistical Parametric Mapping (SPM) software (version SPM8, http:// www.fil.ion.ucl.ac.uk/spm) based on Matlab 2015b (Mathworks, Inc., Natick, Massachusetts, United States). The first four images of each time series were excluded due to T1 stabilization effects. All remaining images were slice-time corrected and realigned to the first functional image. Images were normalized into Montreal Neurologic Institute (MNI) space (resampling to 2 x 2 x 2 mm3) and smoothed with an isotropic Gaussian kernel (8mm full width at half maximum).
For each subject, delta functions with the time-points of trial presentation of each type were convolved with the canonical hemodynamic response function (HRF) to build regressors for the time series model. For each task, a first-level model was estimated including four regressors of interest: 2 levels of conflict (congruent vs. incongruent) by the 2 levels of each emotional face (happy face vs.
anxious face). The first-level model also included an additional (HRF-convolved) regressor of no interest for error trials (wrong answers and omissions) and an intercept for the mean across each session.
A high-pass filter with a cut-off period of 128 s was applied and serial auto-correlations were accounted for by including a first-order auto-regressive covariance structure (AR (1)). Three contrasts were computed at individual levels: (1) all incongruent trials > all congruent trials, (4) only anxious faces: incongruent trials > congruent trials, (5) only happy faces: incongruent trials > congruent trials.
An SPM8 random-effects analysis was performed by entering the contrasts into separate one-sample t-tests and a whole-brain multiple regression analysis. The statistical threshold of the one-sample ttests, unless not otherwise mentioned, was set at p < .05 cluster-level FWE-correction, with a clusterforming threshold at voxel-level p < .001. The same was true for the correlation analyses, which were performed in order to determine the relationship between activation strength in response to incongruent (as compared to congruent) trials in single-subject contrasts on the one hand and individual hair cortisol levels on the other. Follow-up correlational analysis were performed by extracting mean activation parameters from significant whole-brain results.
Results

Descriptive statistics
Descriptive information of the study sample (n = 76) is presented in Table 1 . The average postpartum time frame of measurement was 3 days after childbirth (M = 2.92 days, SD = 1.14 days). The current stress feelings before the measurement followed an even distribution without any particular accumulation of a certain stress value (range 1-10, M = 4.80, SD = 2.69), and no correlation was observed between HCC and currents stress feelings (r = .32, p = .786) and EPDS (r= -.056, p = .628). Additional correlations of the descriptive data can be found in the Supplements.
Additionally, correlations between HCC and any of the other obtained variables were not significant after Bonferroni correction for multiple testing. Psychiatric history prior to pregnancy 25
Familial psychiatric history 32.9
Note. EPDS = Edinburgh Postnatal Depression Scale.
Behavioral results
There was a significant effect of the factor congruency (F(1, 87) = 162.35. p < .001. eta 2 = .651), reflecting faster RT in congruent compared to incongruent trials (Figure 2A ). There was also a signifi- There was also an emotion x word interaction (F(1, 87) = 13.95. p < .001. eta 2 = .138) ( Figure 2B ). In the happy condition, words were processed more slowly than faces, while in the anxious condition, faces were processed more slowly than words. The RT differences between incongruent and congruent trials were compared across all emotions. A dependent t-test revealed that interference was in- four conditions. RTs to incongruent and anxious trials were significantly slower than RTs to congruent and happy trials, respectively. B) Interaction of target face and distractor word. RTs to happy words were significantly slower than to happy faces. In the anxious condition, words were processed significantly faster than faces. **p < .001
There were no other significant results and no significant correlations between the RTs and HCC.
fMRI results
Effect of emotional conflict on BOLD response
At a whole brain at p < .05 cluster-level FWE-correction, with a cluster-forming threshold at voxellevel p < .001, in response to incongruent compared to congruent trials, we found a significant BOLD signal increase in a cluster (50.541 voxel) encompassing the bilateral IFG (left: p. orbitalis; peak MNI:
-38/22/-6, T = 7.72; p. opercularis; peak MNI: -50/10/28, T = 6.98; right: p. triangularis; peak MNI: 46/20/2, T = 7.52) and the bilateral insula (right: peak MNI -34/18/-8, T = 7.9; right: peak MNI: With an analysis at p < .05 cluster-level FWE-correction, using a cluster-forming threshold at voxellevel p < .001, comparing the interference effect of only happy faces, we found a significant BOLD signal increase in the bilateral insula, extending to the IFG, the MCC extending to the ACC, and the bilateral temporal and right parietal cortices (see Table 2 ).
Analyzing the interference effect of only anxious target faces, we found a significant BOLD signal increase in the bilateral occipital cortex and the left parietal cortex. Additionally, significant clusters were seen to have emerged involving the bilateral IFG/insula, the right MCC and the posterior medial frontal gyrus (see Table 2 ). Note. L = left hemisphere; R = right hemisphere.
Correlation between BOLD response to interference conflict and cumulative level of cortisol in the third trimester
At a whole-brain level at p < .05 cluster-level FWE-correction, with a cluster-forming threshold at voxel-level p < .001, the modulation of incongruent trials contrasted to congruent trials showed that the right supramarginal gyrus (r = -.55, p < .001), the bilateral dorsal ACC extending to right the MCC (r = -.47, p < .001), the left MCC (r = -0.48, p < .001), the temporal gyrus (r = -0.54, p < .001), and the precuneus (r = -.48, p < .001) were correlated with lower levels of HCC in the third trimester (see Ta- ble 3, Fig. 4A ). There was no significant positive correlation between the interference conflict and HCC.
During the emotional interference of anxious faces, by disentangling the emotional target faces, we found a correlation between lower levels of cortisol and higher recruitment of bilateral orbitofrontal cortex (OFC), extending to the rostral ACC, the subgenual ACC and the superior frontal gyrus (r = -.55, p < .001), the right precuneus, extending to the left PCC/MCC (r = -.52, p < .001), the right MCC (r = -.44, p < .001), the post-/precentral gyrus (r = -0.47, p < .001), the right angular gyrus, extending to the supramarginal gyrus and the middle temporal gyrus (r = -0.52, p < .001), as well as the left inferior parietal lobule extending to the middle temporal gyrus and the angular gyrus (r = -0.47, p < .001) (see Table 2 , Figure 4B ). No significant correlation was seen between the BOLD response and higher HCC.
Additionally, we did not find any significant clusters in the correlation analyses involving the emotional interference of happy faces and both higher and lower cortisol levels. The whole-brain regression analysis with the covariate subjective stress feelings prior to measurement yielded no significant brain activation either in the emotional interference of incongruent > congruent trials or in only happy and only anxious faces. Also, a whole-brain regression analysis using both subjective stress values and HCC as covariates revealed no significant thresholds in any contrast.
Finally, we performed a follow-up analysis with the extracted mean activation of the significant regions, based on the whole brain correlation of HCC and the interference conflict and the whole brain correlation of HCC and the interference of anxious faces. We did not observe any significant correlations with RT or current stress feelings in either contrast. Table 3 Whole-brain condition effects negatively correlated with cumulative hair cortisol, with p < .05 cluster-level FWE-correction, with a cluster-forming threshold at voxel-level p < .001. For each cluster, a maximum of three significant regions in gray matter is reported. Figure 4 . Whole-brain correlation between neural activation and cumulative cortisol levels (HCC) in the third trimester A) Whole-brain correlation between HCC and areas recruited during the emotional interference task (incongruent > congruent trials). B) Whole-brain correlation between HCC and areas recruited during emotional interference of anxious faces (incongruent > congruent trials).
Activity is shown at a p < .05 cluster-level FWE-correction, with a cluster-forming threshold at voxellevel p < .001.
Discussion
In the emotional Stroop task applied in the study, using face stimuli as targets and word stimuli as distractors, the subjects, healthy postpartum women within a few days of childbirth, reacted more slowly and less accurately to incongruent compared to congruent trials, with the interference conflict (incongruent > congruent trials) being greater for the happy target faces than the anxious ones. Addi-tionally, the effect of emotion became evident as anxious faces as well as the word "ANGST" (anxiety), compared to happy faces or the word "GLÜCK" (happiness), led to both slower RT and lower accuracy. There were no significant correlations between HCC and RT and lower accuracy or any other parameter obtained by the participants.
Slower RT for anxious faces can be construed as a positive attention bias in favor of approaching a cue rather than avoiding it (Mathews & MacLeod, 1984) . Vigilance to negative stimuli is associated with increased levels of salivary cortisol following a selective attention task (van Honk et al., 2000) , with parallels to this phenomenon seen in artificial stress induction and the subsequent increase in salivary cortisol (Roelofs et al., 2007; Roelofs, Elzinga, & Rotteveel, 2005) , and the link between childhood maltreatment and increased salivary cortisol in response to emotional Stroop task in postpartum women 7 months after childbirth (England-Mason et al., 2017) . While only acute stress responses are reflected in salivary cortisol levels, HCC measurement helps assess prolonged stress exposure over a retrospective timeframe of three months. Prior to the fMRI measurement, our participants had been asked to rate their current perceived stress, although no correlation was found between the self-reported stress and either HCC or the Stroop task RT. Various studies have described a poor covariance of self-reported stress and HPA axis activity measured by salivary stress (for a review, see Kudielka et al., 2009) , which is likely due to different timing and dynamics of the systems (Schlotz et al., 2008) . Based on this, we suggest that the absence of significant correlations between perceived stress and the behavioral data from the Stroop task is due to the lack of psychoendocrine covariance (Schlotz et al., 2008) . We also maintain that the non-significant correlations between HCC and the behavioral data are on account of the retrospective measurement of a three-month stress exposure by HCC, which does not represent an acute endocrine stress response associated with the negative attention bias found in other studies (England-Mason et al., 2017; Roelofs et al., 2007 Roelofs et al., , 2005 van Honk et al., 2000) .
However, the prolonged stress measured by HCC and the additional CRH secreted by the placenta in the third trimester have an influence on the activity of the HPA axis with respect to the relevant brain regions. In the present study, the involvement of regions known to be linked to cognitive emotion regulation, e.g. the supramarginal gyrus, the dorsal ACC/MCC, the middle temporal gyrus, the angular gyrus/inferior parietal cortex and the precuneus (Kohn et al., 2014) , were negatively correlated with HCC levels in the third trimester. The analysis of interference only during anxious trials showed HCC to be negatively correlating with a network including the mPFC extending to the rostral ACC and parts of the subgenual ACC as well as the MCC region, the PCC and the precuneus. According to a significant body of research, the mPFC is involved in approach-avoidance behavior (for a review, see Spielberg, Stewart, Levin, Miller, & Heller, 2008) , with lateralized activation of the right PFC for avoidance and the left PFC for approach (Sutton & Davidson, 1997) . Additionally, the mPFC is one of the key target areas for the HPA axis-elicited changes in cortisol release, allowing prolonged stress exposure to alter the functional properties of the region (Chattarji et al., 2015) . To the best of our knowledge, no previous study has investigated the link between the three-month-long stress exposure measured via HCC and the neural activation of the mPFC. Considering that HCC is a reliable measure and a retrospective biomarker of HPA activity (D'Anna- Hernandez, Ross, Natvig, & Laudenslager, 2011; Meyer & Novak, 2012) , and that it is ineffective in detecting short-term stressors such as salivary cortisol, we would like to conclude that the long-term effect of cortisol on brain regions measured by HCC is better suited to retrospectively predict neuronal task-based activation than to explain behavioral results.
Both attentional and cognitive control of emotions are suggested to be regulated by the mPFC (Cieslik, Mueller, Eickhoff, Langner, & Eickhoff, 2015; Kohn et al., 2014) . Human and animal lesion studies have emphasized the role of the mPFC in initiating and maintaining task-relevant response (Stuss & Alexander, 2007) as well as emotion-influenced behavior (Roberts & Wallis, 2000) . Involved in conflict monitoring, behavioral adjustment and executive control (e.g. Kerns et al., 2004) , the dorsal ACC is often rather cognitively motivated (e.g. Chechko et al., 2012; Kerns et al., 2004) , while the rostral ACC is particularly involved in the resolution of emotional conflict, i.e. controlling emotionally incompatible stimuli and one's own emotional response (Etkin, Egner, Peraza, Kandel, & Hirsch, 2006 ). In addition, regions of the rostral ACC, including the subgenual ACC and the OFC, have been shown to be involved in depression (Drevets et al., 1997; Price & Drevets, 2012) , while the dorsal ACC is impaired in stress-related disorders (e.g. Chechko et al., 2009 ). For instance, in postpartum mothers (Laurent & Ablow, 2012 , hypoactivation of the dorsal ACC, seen in response to cry sounds and the distressed face of their own infant, has been linked to an increase in depressive symptoms.
Also, as previous research has shown, higher salivary cortisol levels increase selective attention towards negative stimuli (Hänsel & Von Känel, 2013; Roelofs et al., 2007; van Honk et al., 2000) , with one imaging study finding healthy subjects dosed with hydrocortisone displaying a deactivation of the subgenual ACC in response to sad stimuli (Sudheimer et al., 2013) . In our sample of post-childbirth healthy mothers, the negative correlation observed between the HCC values and the recruitment of the mPFC including the dorsal ACC and the rostral ACC may therefore indicate that, in those who had more stress in the last trimester of pregnancy, neural changes might have occurred in the regions relevant to conflict detection, conflict resolution, cognitive control over emotional stimuli as well as self-reflection and semantic processes linked to identifying the emotional value of stimuli.
This in turn may suggest that these women are more susceptible to impaired stress resistance and, therefore, are likely to be less capable of resolving anxious emotions shortly after giving birth.
Finally, the anterior part of the MCC is known to be involved in both attentional and cognitive emotion control functions (Cieslik et al., 2015; Kohn et al., 2014) , playing a central role in connecting cognitive control and affect, especially when confronted with negative emotions or ambiguous stimuli which provoke uncertainty in action (Shackman et al., 2011) , as well as during interference tasks with emotional words (K. D. Davis et al., 2005) . To the best of our knowledge, no systematic research exists addressing the issues of either cortisol influence on MCC activity or the role of the MCC in perinatal/postpartum depression. We suggest that lower levels of cortisol in the third trimester facilitate the detection of ambiguous stimuli when interfered with negative emotions. As the Stroop task reflects a mother's own mental condition through the reaction to negative compared to positive stimuli (Williams, Mathews, & MacLeod, 1996) , lower HCC in pregnancy may be beneficial for mental health in the postpartum period.
The relationship between inhibitory behavior and emotion processing is of great importance in the context of the vulnerability to mood disorders. A number of studies have shown that difficulties in cognitive control ensuing from failed inhibition of negative stimuli can enhance ruminative behavior in both healthy individuals and depressed patients (R. N. Davis & Nolen-Hoeksema, 2000; Joormann & Gotlib, 2010) . It is possible that women with higher HCC, who showed the inverse correlation between HCC and activation patterns in response to the emotional Stroop task in our study, may be more susceptible to developing depression. While our subjects were identified as healthy at the time of recruitment (within 1-6 days of childbirth), in the general population of postpartum mothers, approximately 10-20 % (O'Hara & McCabe, 2013) have been found to develop a postpartum depression (PPD) within two to six weeks of childbirth, with an estimated 50 % of the cases remaining unidentified (Chaudron et al., 2001) . Early diagnosis and tailored interventions can help reduce the risk and limit the damage of PPD (Dennis & Dowswell, 2013) , hence the need for more research in the area of PPD.
One limitation of the study, however, is that it fails to ascertain if the observed HCC-dependent activation patterns within the mPFC/dorsal ACC have any clinical relevance in terms of predisposing mothers to postpartum depression. This shortcoming notwithstanding, to our knowledge, this is the first study to examine the association between HCC levels in the third trimester of pregnancy and neural response to emotional interference shortly after childbirth. Accurate identification of PPD risk factors, however, remains a major challenge, underscoring the need for more systematic research in the field.
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